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Government ffimdjng 

The iiave«ioa4esfiribed : fete--^fa®a^mwas made wife funds item the 
5 Natknsi fcslit«te iof Heaith,.i#^|ltta^ Mfctf&W, The United States 
government has certain rights in the inveiittQn, 

Field of the invention 
The invention relates to novel compositions and methods for inhibiting ceil 
migration. Such compositions and methods can be used for treating and preventing 
10 metastasis in vivo. 

Backgroun d of the I nvention 

Malignant cancer tumors shed cells which migrate to new tissues and create 
secondary tumors; a benign tumor does not generate secondary tumors. The process 
Of generating secondary tumors is called metastasis and is a complex process hi 

15 which tumor cells colonize sites distant from fee primary minor, Tumor metastasis 
reniams the major cause of morbidity and death for patients with cancer, ®m of the 
greatest challenges in cancer research is to understand the basis of metastasis* he., 
whit controls the spread of tumor cells through the blood and lymphatic systems 
and what allows tumor ceils to populate and flourish in new locations. 

20 While surgery and chemotherapy are routinely used for treating cancer, such 

heatments typically involve removal or ablation of significant tissue giving rise to 
undesirable side effects. Moreover, the surgeon is rarely certain that all malignant 
tissues are removed, Hence, new compositions and methods .for halting tile, spread, 
or metastasis of cancer cells me needed. 

25 

Summary of the Invention 

The present invention provides compounds that act as potent inhibitors of 
cell migration and can be used for heating and preventing metastasis in vivo, 

30 Accordingly there is provided a compound of the invention, which is a 

compound of formula I: 

CRFD-3406 I 
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wherein: 

Xis CH,N,NHea'Q; 
5 Rf is OH, CZ3 or Rj and Ra together are -OQ, wherein Z is halo; 

R 2 is OH, CZj or R j and Rj together are -OO, wherein Z is hale*; 
Rj Is H or lower alky!; 
&4 is H or iower alkyl; 
Rsis OH; 
10 Rs is alkoxy; 

Ys and Y2 are separately -CHr- or Y] and Y 2 together form -OC~; 
or a pharmaceuticaUy aeseptakle salt thereof. 
The invention also provides a pharmaceutical composition comprising a 
compound of formula I, or a phafmaeeuticahy acceptable salt thereof, in 
1 5 combination with a pliarrnaceutically acceptable diluent or carrier. The invention 
also provides, a pharmaceutical composition comprising a combination of 
compounds, each of formula I, or phafinaeeitticaliy acceptable salts thereof, in 
eombination with a phannace«tica!ly aceeptaM© diluent or carrier. 

The invention fuilher provides a method for inhibiting migration of 
20 mammalian cells either in vitro or In vivo, such as a human, comprising contacting 
the mammalian cells with an effective amount of a compound of formula I, or a 
plimmaeeittically acceptable salt thereof. 
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Additionally, ^ immMmpmvMms. therapeutic method for preventing or 
treating {Metastasis in a mappi^ comprising administering to a 

mammal in need of such therapy, an elective amount of a compound of formula! 
or a pharmaceulieah'y acceptable s^t thereof, 
5 The invention provides a m»pm0 of fermuia I for use in medical therapy 

(e.g. for use in treating or prewitjngmetasitatie cancer), as well as fee use of & 
compound of formula f for the inaiiufaclurs of a medicament useful for the 
treatment of metas tatic cancer in a mammal, such as a human. 

The invention also provides processes and intermediates disclosed herein 
1.0 that are useful for preparing, compounds of formula (1) or salts hereof. 

Brief Description of the F igures 
FIG. 3 illustrates that treatment of mice with compounds of the invention 
ahnost completely blocked 4T1 tumor lung metastasis, 4T1 tumor cells (10 s ) Were 

IS injected subeutaneously into the abdominal mammary gland using 0.1 ml of a 
singfesajll suspension, Macroketone (14) or macrolaetam (13) at 10 mg/kgor 20 
tsg/fcg Was given hp, on Day 7 when the tumor size was about 5 mm in dtanieieiv 
and every day until Day 25. On Day 28, the mice were sacrificed, Bach group was 
comprised of five mice. Lung metastasis was measured by the 6-thioguattifte 

20 elonogenic assay. The mean and standard deviation are presented in the figure. As 
shown, me compounds substantially reduced metastasis of fetor cells. 

Detailed Description of the Invention 

The following definitions are used, unless otherwise described: halo is 
25 flaoro, chio.ro, bromo, or iodo, Alkyl, alkoxy, alkenyf, alkynyl, etc. denote both 
straight and branched groups; but reference to an individual radical such as "propyl" 
embraces only the -.straight chain radical, a branched chain isomer such as 
"isopropyF being specifically referred to. 

It will be appreciated by those slailed m the ait that compounds of the 
30 invention having a chiral center may exist in and be isolated in opt ically active and 
racemic forms, Some compounds may exhibit polymorphism. It is to be 
CRFD-3406 3 
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xwfeMwd that thfepjres^te^ipa^»*p^eat my racemic, cpticaily-aetive, 
poIyflaoQjIuo, or sfereaisameric -form-, or mixtures thereof; of a compound of the 
invention, which possess- th& useM properties described herein, it being well know 
in the art how to prepare optically active forms (for example, by resolution of the 
5 raceffiic form by reeiystallizatian teehniques, by synthesis from opdeaily-acti ve 
starting materials, by chiral synthesis, or by cmx>matographic separation using a 
ehiral stationary phase) and how to detenu jne the ceil migration inhibitory activity 
of such forms using the standard tests described herein, or using other similar tests 
which are -welt' known in the ad. 

10 Specific and preferred values listed below for radicals* aubstiktents, and 

ranges, are for illustration, only; they do not exclude other defined values or other 
values within defined ranges for the radicals aid substituents. 

Speeificalty, (Cj-Q;}alkyl can be methyl, ethyl, propyl, isopropyi, butyl, iso- 
buiyl, see-butyl, pentyl, 3-pentyl, or bexyi; (C 3 -C(,)cye,!oalk.yi can be cyoiopropyl, 

15 eyeloburyl, eyclopeutyl, or cyciohexyl; (C r Cs)cycloaikyi(CrC 6 )alkyi can be 
cyelbpropyhnethyl, cyelobutylraethyl, eyetopentylraethyl, eyelohexylmethyl, 2* 
syelopropytethyl, 2-cyclobutylethyl, 2~cyeiQpentyiethyl ! or 2-cyclohexylethyls (Ci- 
Gtijatkoxy can be methoxy, ethoxy, propoxy, isopropoxy, bntoxy, iso-butoxy, see* 
tetoxy, pentoxy, 3 -pentoxy, or hexyioxy. 

20 A preferred group of compounds are compounds of formula 1 having the 

following structures, orphaimaceutically acceptable salts thereof. 
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Procedures available in the ait can be used for spilies szSng the compounds 

5 of the invention. For example, the compounds of the invention can be made as 

described m Njardarson et ah, X Am. Cheim 8oe. 2004, 126, 1038-1040. 

Further details on synthesizing organic compounds can be found in die art, for 

example, in Greene, T.W.; Wute, P.G.M, "Protecting Groups In Organic Synthesis" 

second edition, 1991, New York, Mm Wiley M sons. Inc. The Examples provided 

10 herein further illustrate synthetic projEiedures forths compounds of formula L 

In cases where compounds are sufficiently basic of acidic to form stable 

nontoxic acid or base salts. adinMstration of tile eompoitnds as salts may be 
CRFD-3406 5 
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appropriate. Examples of phattnaeeutieally acceptable salts are organic acid 
addition salts formed with acids which form a jrfiysjsslogical acceptable anion, for 
example, tosyiate, meOiaftes«iiaiat% aeetatsi citrate, malonate, tartarate, succinate, 
beirzoate, aseorbais, a4:etoglutarate f and a-glycewpliosphate, Suitable inorganic 
5 salts may also be formed, inomdiag hychxjoblGf rde> sulfate, nitrate, bicarbonate, and 
carbonate salts, 

PharmacGutiealiy acceptable salts maybe obtained using standard 
procedures well known in the art, for example, by reacting a sufficiently basic 
compound such as an amine with a suitable acid affording a physiologically 
10 acceptable anion. Alkali metal (for example, solium, potassium or litiiium) or 
alkaline earth metal (for example calcium) salts of carboxyiic acids can also be 
made. 

The compounds of formula I can be formulated as pharmaceutical 
compositions and administered to a mammalian, host, such as a human patient in a 

15 variety of forms adapted to the chosen route of administration, i.e., orally or 
parehteraLly, by intravenous, intramuscular, topical or subcutaneous routes. 

Thus, the present compounds may be systemically administered^ e,g„ orally^ 
in eorrlbmation with apharniaeeutically acceptable vehicle such as an imt diluent 
or ait assimilable edible carrier. They may be enclosed in hard or soft shell gelatin 

20 capsules, may be compressed into tablets, or may be incorporated directly with the 
food of the patient's diet. For oral therapeutic administration, the active compound 
may be combined with one or more excipienis and used in the form of iugestible 
tablets, buccal tablets, troches, capsules, elixir, suspensions, syrups, wafers, and the 
like. Such compositions and preparations should contain at least 0, 1% of active 

25 compound. The percentage of the compositions and preparations may, of course* be 
varied and may conveniently be between about 2 to about 60% of the weight of a 
given unit dosage form. The amount: of active compound is such therapeutically 
useful compositions is such that an effective dosage level will be obtained. 
The tablets, troches, pills, capsules, and the like may also contain the following: 

binders such as gum tragacanth, acaeia, com siareh or gel attn; exeipjenfs such as 

diealciura phosphate; a disHrtegrating agent suehas com starch, potato starch, acinic acid 
CM D-3406 g 



WO 2003/019181 



PCT/OS2004/099211 



and the like; a lubricant such asmp^^8l^#i^''«i«|a.$^i&iimg agent sack as 
sucrose, fructose, lactose or aspartame or a flavoring a$ent such as peppermint, oil of 
wintergreen, or cherry nayoringittay be added. "Whm iheunit dosagaibnn is a capsule* 
it may contain, in addition to Materials of the above type, a liquid carrier, such as a 
5 vegetable ail or a polyethylene glycol, Various ©tber materials may be present as 
coatings or to -otherwise modify the physical form of the solid unit dosage form. For 
instance, tablets, pills, or capsules may be coated witii gelatin, wax, shellac or sugar and 
the like. A syrup or elixir may contain the active compound, sucrose, or fructose as a 
sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such 

10 as cherry or orange flavor. Of course, any material used in preparing any unit dosage 
form should be phannaceutically acceptable and substantially non-toxic in the amounts 
employed* In addition, the active compound may be incorporated into sustained-release 
preparations and devices, 

The active compound may also be administered intravenously or intmperiteiieaily 

1 f by mfiision or injection. Solutions of the active compound or its salts can be prepared in 
water, optionally mixed with a nontoxic surfactant, Dispersions can also be prepared in 
glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the gTO^h of microorganisms. 

20 The pharmaceutical dosage forms suitable for inj eclion or infusion can include 

sterile aqueous solutions or dispersions or sterile powders comprising the active 
ingredient which are adapted for the extemporaneous preparation of sterile injectable or 
infusible solutions or dispersions, optionally encapsulated in liposomes. In all cases, the 
ultimate dosage form should be sterile, fluid and stable under the conditions of 

25 mwu factum and storage. The liquid earner or vehicle can be a solvent or liquid 
dispersion medium comprising, for example,, water, ethanol, a polyol (for -examples, 
glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils, 
nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be 
maintained, for example, by the lbtniation of liposomes, by the maintenance of the 

30 required particle size in the case of dispersions or by the use of surfactants. The 

prev ention of the action of microorganisms can be brought ah out by vari ous antibacterial 
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and antifungal agents, For example, paraberis, ehlorobutanol, phenol,, soibie acid, 
thimerosal, and the like. Ia.inanr«&fe& lt^|.1»$p^a)Ie:fci.iaelu^ isotonic agents, 
for example, sugars, buffers or sodium eltoide. Prolonged absorption of the injectable 
compositions ©an be brought about by the use in the compositions of agents delaying 
absorption, for exmnple, aluminum moftostearate and gelatin. 

Sterile injectable solutions are prepared by meorporatlng die active compound in 
the required amount in the appropriate solvent with several of ihe other ingredients 
enumerated above, as required, followed by filter sterilization. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of 
preparation are vacuum drying and tire freeze (hying techniques, which yield a powder of 
the active ingredient plus any additional, desired ingredient present in the previously 
sterile-filtered solutions. 

For topical administration, the present compounds may be applied in pure form, 
Le fJ when they are liquids* However, it will generally be desirable to administer them to 
the skin as compositions or formulations, in combination with a dermatologicaiiy 
acceptable carrier, which may be a solid or a liquid, 

Useful solid carriers include finely divided solids such as tale, clay, 
mici-Qcrysfaliins cellulose, silica, alumina and the like. Useful liquid earners include 
water, alcohols or glycols or water-aleohal/glyeol blends, in which the present 
compounds can be dissolved or dispersed at effective levels, optionally with the aid of 
non-toxic surfactants. Adjuvants such as fragrances and additional antimicrobial agents 
can be added to optimize the properties for a given use. The resultant liquid 
compositions can be applied from absorbent pads, used to impregnate bandages and other 
dressings, or sprayed onto the affected area using pump-type or aerosol sprayers, 

Thickeners such as synthetic polymers, iMiy acid§> fatty acid salts and esters, fatty 
alcohols, modified celluioses or modified mineral materials can also be employed with 
liquid carriers to form spreadahle pastes, gels, oaihnents, soaps, and the like, for 
application directly to the skin of the user, 

Examples of useful dermatologies compositions which can be used to deliver the 
compounds of formula I to the sM a are known to {he art; for example, see Jaequet et al 
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(U.S. Pat, No. 4,608,392), Geria (U.S. Pat. No, 4,992,478), Smith et al, (U.S. Pat. 
No. 4,559, J57) and WrafejEM (thS. Pat. m 4^20,5681- 

Useful dosages of fee compounds of formula I be detemiined by comparing 
their itt vim activity, and in vivo activity in asimal models. 'Methods for the 
S extrapolation of effective dosages hi raiee, and ether animals, to humans are known to the 
art; for example, see U.S. Fat. No. ^M,^* 

Generally, the concentration of the eompound(s) of formula I in a liquid 
composition, such as a lotion, will be from about 0.91-25 wWo, preferably from about 
0,1- 10 wt-%. The .concentration in a semi-solid or solid composition such as a gel or a 

10 powder will be about 0.01-10 wt-%, preferably about 0, 1-5 wt-%. 

The amount of the compound, or an active salt or derivative thereof, required for 
US© in treatment will vary not only with the particular salt selected but also with the route 
of administration, the nature of the conditio, fesing treated and the age aid condition of 
the patient and will be ultimately at the discretion of the attendant physician or clinician. 

15 In general, however, a suitable dose will be in the range of from about 1 *0 to 

about %0Q m0gi e.g., from about 2.0 to about 100 mg/kg of body weight per day, sush 
as about 3.0 to about 50 sng per kilogram body weight of the recipient per day, preferably 
fe the range of about 5 to 20 mg/kg/day, Alternatively, the compositions can be 
administered five tsm.es a week on five consecutive days with, a two day rest, or four 

20 times a week on four consecutive days with a three day rest, or every other day. 

The compound is conveniently administered in unit dosage form; for example, 
containing 45 to 3000 mg, conveniently 90 to 2250 mg, most conveniently, 450 to 1500 
nig of active ingredient per unit dosage form. 

Ideally, tile active ingredient should he administered to achieve peak plasma 

25 concentrations of the active compound of from about 0 J nM to about 10 pM, preferably, 
about 1 nM to 1 pM, most preferably, about 10 nM to about 0.5 pM. This may be 
achieved, for example, by the intravenous iujiestion of a; 0,05 to 5% solution of the active 
ingredient, optionally in saline, or orally administered as a bohss containing about 2-0- 
2000 mg of the active ingredient. Desirable bbod levels may be maintained by 

30 continuous infusion to provide about 0.2 to 1 .0 mg/kg/hr or by intermittent infusions 
containing about 0,4 to 20 mg/kg of the active ingredient(s). 
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The desired dose may couverdentiy be preseiited in a single dose m as divided 
closes administered at ^ptopria&M^aJs, ifcr^a^^:^ttye s three, four or more sub- 
doses per day. The sub-dose itself may be gjrther divided, «,g.,Mo a lumber of discrete 
loosely spaced administrations; sQ^wssa]%|&:ii^^a|ioit$'S«^ an insufflator or by 
5 application of a plurality of drops into &e eye. 

The ability of a compound of the ifty^citioa to act as an inhibitor of ceil migration 
or metastasis may be determined using pharmacological models that are well known to 
the art, or using the wound healing, chamber cell migration assay or tumor metastasis 
assays described below. 

10 The Wound-Healing Assay involves observing whether confluent ceils can 

migrate across a scraps or wound in the cell layer. For example, tumor cells can be 
plated in standard media containing 10% fetal bovine serum (FBS). After the cells grow 
to -confluence, wounds are made in the confluent layer ofeeli using a sterile instrument 
such as a sterile pipette tip. The cells can be washed with Phosphate Buffered Saline 

15 jp!S} or other sterile solutions and then growth medium can be added that contains 
different concentrations of the compounds to be tested. After overnight incubation at 
37*Q, cells can be fixed and the plates can be photographed. Compounds that inhibit the 
migration of cells into the wound area at low concentrations are useful for inhibiting cell 
migration and treating metastatic cancer, 

20 The -Chamber Cell Migration Assay assesses whether cell can migrate through a 

Alter having pores of known sizes. For example, cell migrations can be assayed with 
Boyden chambers having filters with about 8.0 \mi pore size. Briefly, cells in serum-free 
medium are added to the first chamber and 500 ul of medium with 10% fetal bovine 
serum (FBS) is added to the second chamber. The chamber is incubated for about 6-8 

25 hours at 37°C with different concentrations of chemical compounds in both of the two 
chambers. Cells in the first chamber are removed with a cotton swab, and cells in the 
oilier chamber or on the oilier side of the fdM are fixed and stained, Photographs several 
random regions of the filter facing the second chamber ate taken and the number of cells 
counted to calculate the average number of cells that had trasismigrafed, 

30 Experimental results from these types of tests for representative compounds of the 

invention are shewn in Tables I and 2. These resulfe deinonstiate that compounds of the 
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invention can inhibit; cell mig^|tioM.]0^'>6^(^a^iom' titan currently available 
compounds, including mtgrastaim, 

Moreover, the compounds of the irrven&on: em fee tested to appropriate animal 
models, For example, the compounds of the hivention can be tested in animals with 
5 known tumorsj or animals that have been injected with tumor ceils into a localized area, 
the degree or number of secondary tumors that footi over time is a measure of metastasis 
and the ability of the compounds to inhibit such metastasis can be evaluated rel ati ve to 
control animals that have the primary tumor but receive no test compounds. 
Experimental results from this type of/« vivo testing are shown in FIG. I and further 
1 0 described in the Examples. These results demonstrate that the compounds of the 
invention substantially reduce or eliminate tumor metastasis. 

Accordingly compounds of the invention are useful as therapeutic agents for 
irdubiiion of cell migration and treatment of metastatic cancer. Such cancers include but 
are not limited to, cancers involving the animal's head, neck, lung, mesothelioma, 
15 tnefliastiinim., esophagus, stomach, pancreas, hepatobiliary system, small intestine, colon, 
colorectal, reerata, anus, kidney, ureter, bladder, prostate, urethra, penis, testis, 
gynecological organs, ovaries, breast, endocrine system, skin, or central nervous system. 
ThuSi for example, tlie cancer can be a breast cancer, a leukemia, a lung cancer, a colon 
cancer, a central nervous system cancer, a melanoma, ait ovarian cancer, arena! cancer, 
20 or a prostate cancer. 

Additionally, compounds of the invention may be useful as pharmacological tools 
for the further investigation of the inhibition of cell migration. 

The compounds of die invention can also be administered in combination with 
other therapeutic agents that are effective for treating or controlling the spread cancerous 
25 ceils or tumor cells. 

The invention will now be Otostratedby the following non-limiting Examples, 
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Example i: Chemical Synthesis and Cfciiracterixatiaii 
This Example describes the syaihesis as well as tbe etaaical and phys: 
chm-acterizaf ion of eomposjids. 



Synthesis: Compounds o f the iiwejition can be spihesized as shown beicw. 

Ho' 
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The reagents and conditions employed were as fellows: (a) YarnagucM acylation (48%); 
(b) FUN, DMAP, 6-heptenoyI ebioride (89%); (c) Qrubbs catalyst, toluene and reflux {47 
and 73%); (d) HF-pyridinc, THF (78 and 90%); (e) diphenylphosphoryl azide (87%); (f) 
Wh % HiO (90%); (g) CBr 4> PPh 3 (95%); (ft) EDGE 6-feeptenioe acid (70%); (i) 3- 
5 bmzeiiesuIfONyi-Qct-7-eiv-Dii^ DBTJ {75%% IMg (79%); (k) Grobbs catalyst, 
toluene, reflux (70 and 75%); (i) HF-pyiidine, THF (90 and 95%). 

Analytical Equipment; Optical rotations were measured on a JASCO DIP-370 digital 
poiarimeter at it, Concentration (e) in g/lOQ nil and solvent are given in parentheses. 

10 Infrared spectra were obtained on a Perkm-Bhner 1600 FT-IR spectrophotometer neat .or 
m & film in CHClj (NaCl plates). Absorption bands are noted in eiw, 'H- and 13 C~MMR 
spectra were recorded on a Broker AMX-400 MHz or a Braker Advance DRX-500 .MHz 
spectrometer in CDC13 (referenced to 7,26ppm (d) for 'H-NMR and 77.0 ppm for t3 C- 
WM% Coupling constants (</) (H,H) are given in Hz, spectral splitting patterns mm 

IS designated as singlet {&% doublet (d), triplet (t), quadruplet (q), muUipiet or more 

overlapping signals (m), apparent (app), broad signal (br). Low resolution mass spectra 
(ioflspray, a variation of eieetTOspray) were acquired on aPerkin-Elmer Sciox API 100 
spectrometer. Samples were introduced by direct infusion. High resolution mass spectra 
(fast atom bcaabsrdment, FAB) were acquired on a Mcromass 70-SE-4F spectrometer, 

20 

Migrastatin core 7: [ajrj +106,0° (c 0.50, CHC13); IR (CHC1 3 ) 3567, 2933, 2881, .1716, 
1602, 1448, 1393, 1255, 1 107, 1052j ! H*1MR (500 MHz, CDCI3) d 6.81-6.75 (m, 1H), 
5.73 (d, /= 15.9, 1H), 5.62-5.55 (m, 2H), 5.14 (dd, /=* 15,2, 6.8, 1H), 4.72 (d, J= 15.6, 
IH), 4.63 (d s J= 15.6, 1H), 3,42-3.38 (m, 2H), 3,28 (s, 3H), 3.03-2,97 (m, 1H), 2,69 (br 

25 s } 1H), 2.47-2.38 (m ( 2H), 2.32-2,18 (m, 2H), 1.68 (s, 3H) S 0.88 (d, 6,9, 3H); !3 C~ 
NMR (125 MHz, CDC1 3 ) d 165.36, 149.52, 133,85, 129.79, 129.51, 127.50, 122.15, 
84,62, 76.09, 65.40, 56.25, 32.20, 31,34, 29,99, 22.27, 12.66; MS (ESI) 303 [M+Na 4 ]; 
HRMS (FAB) ealcd. for t&H&Ot [MtH**] 303.1571, found 303,1572. 
2,3-Dihydro-migrasiatin core 8: Mb +1153° (c 1.00, CHC1 3 ); IR (CHCi 3 ) 3567, 3016, 

30 2933, 2858, 1724, 1450, 1387, 1317* 1258, LI4S, 015*979; 'H-NMR (500 MHz, 

CDClj) d 5.74-5.67 {m, 2H), 5.23 (dd, J* 15,7, 7,7, 1H), 4,54 (d, /** 13,1, IE), 4,29 (d, 
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/« 13.1, 1H), 3.46-3,39 (ffi, 21% 3 M {§, 3% 2 j2-£,77 Iff), 2,44-2.39 (m, IH), 
2.26-2.15 (in, 2H), 2,03-1.97 (m, IE), L74 (d, j-0J 5 3H), i. 744 .70 (m, IH), J, 604,52 
(m, 2H), 1.36-1.32 (m, 1H), 0.93 (4/- 6,9, 3H); i3 C-KMR(125 MBst, CDC! 3 ) d 173.69, 
135.J9, 134.39, 129.02, 127.14, 83 j2, W3$>$&M> M<2$> 32.06> 29,88* 27.2Q, 
5 23,40, 23.27, 12.83 ; MS (ESI) 305 [M+ffc 1 ]; HRMS (FAB) calcd. for C 16 Ha0 4 [M Wa + ] 
305.1719, found 305,1729. 

aSigrastftiw lactam 13; [ajjj *10L3* (e LOG, GHClj); IR (CHC1 3 ) 3566,3444, 3021, 
2936, 2828, 1658, .1504, 1478, 1398, 1229, 1088, 979; *H-NMR (500 MHz, CDC} 3 ) 3 

10 5.79-5.73 (m, 1H), 5.66 (d,/~ 10.2, 1% 544 (44 /« 15.8, 7.5, IH), 5.12 (far s, 1H), 
3.91 (dd, /= 13.7, 4.1, IH), 3.50-3.46 (m, 2H), 3.34-3,30 (m, 113), 3.3 1 (s, 3.H), 2.89 (br 
S, 1% 2.56-2,52 (m» IH), 2.32-2.25 (»», 2H), 2,16-2.11 (m, IH), 1.96-1,89 (m, 1H), 1.77 
(d,/= 1.1, 3H), 1,73-1,51 (m, 3H), 1.37-1.32 (m, IH), 0.94 (d, X= 6.9, 3H); ,J C-NMR 
(125 MHz, CBCi 3 )d 173.36, 135,52, 133.77, iMM, m^MM t %M*MMMM 

15 35.95,32.27, 29.86, 27,00, 24 J2, 24,42, 1 3,03; MB (ESI) 304 [M+Na*]; HRMS (SAB) 
eaM &rei6H27&03 [M+Na*] 304,1888, found 304.1889. 

Migrastatln ketone (14): [j% -5-77.0° (eOJ, CHCb); IR (neat) 3566, 3022* 3015, 2975, 
2937, 2879, 1700, 1448, 1384, 1237, 1109, 1085, 979 cnt-li l H-NMR (500 MHz, CDC1 3 ) 

20 § 5.72 (ddd, /*? 1 5,0, 8.5, 6,0, IH), 5.37 (dd, J= 10.0, 0.9 IH), 5.3 1 (dd, /*• 15,6, 7.8, 
IH), 3.47 (1,/= 8.5, IH), 3.36 (dd, / ; .9.2, 1.2, IH), 3,31 (% 3H), 2.78 (br $, lH),2 s 5i- 
2,45 (m, 2H), 2,37-2,32 (m, 2H), 2,26^16 (ni t 5H), 1.69 (d, 1.3, 3H), 1.69-1.59 (m, 
2H), 1,53-1,50 (m, 2H), 0,95 (d 5 ,/= 6,8, 3H); i5 C-NMR (125 MHz, CDC1 3 ) d 212.10, 
135.23, 132,91, 130.26, 1.29,22, 83.69, 77.62, 56,45, 42,08, 40,67, 32.57, 30.33, 28.57, 

25 27.01, 23,22, 23.14, 12.6} ; MS (ESI) 303 [M+Na*]; HRMS (FAB) calcd, for 
Ci7H2803Na [M>Na + ] 303.1936, found 303.193$, 

CR)-is<?propyl n»grasfatm (17): [a])} -f2L3 s (c 0.09, C3H03); IR (seaQ 3499, 2967, 

2926,2866, 1729, 1453, 13S3, 1257, 1111,981 cm-I, f H-HMR (500 MHz, CDCI 3 ) S 
30 5.65 (dt, /= 15.5, 7.5, IH), 5,58 (dd, !0,7, 1.3, IB), 5:35 {d&J« 15,5, 6.0, IH), 4.87 
(d, J** 7.6, IH), 3.49 (dd, J= 9,1, 6.0, IH), 3.34 (s, 311), 3.27 (br d, J~ 8,8, IH), 3.13- 
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3.07 £ m , HI), 2.86, (br s, 3H), 2,34-2,15 <ffi, 4H), 2.06-1.99 (m, 11% I .76 (d, J= 1 ,6, 
3H), 1.75-1,58 (10,31-1), 1.47-1,41 (m, iH), 0.98 (d,,/-7.0, 3H), 0,93 (d,./= 6.7, 3H), 
0.92 (d 5 J= 6.7, 3H); i3 C-NMI< (125 Mite, CDC%) d 172.50, 132,45, 132,08, 131.58, 
128.26, 82.45, 80,74, 77,44/33.00,32,66, 31,76,30.56,25.57,24.91,22.44, 19.02, 18.96, 
5 13.20; MS (ESI) 324 fy&Wlfy HRMS (FAB) ealcd, for C ls H 32 C>4Na [MtHa*] 347,2198, 
fbund.347.2196. 

(S)-Isopr»pyl migrastatin (18): [a] D +2:li ft (e 0.32, CHCla); IR (usat) 3479, 296?, 

2926,2876, 1724, 1448, 3373, 1237, 1237, 1091, 976 cm- 1; 'H-NMR (500 MHz, CDCI3) 
a 5.70 (ddd, 15.4, 8.5, 5.3, IH), 5,33 (dd, /= 10.0, 0.9, IH), 5.30 (d, J~ 7.0, 1 H) 

10 5, 19-5.13 (m, IH), 3.40-3.30 (m, 2H), 3.28 (s, 3H), 2.99-2.96 (m, ill), 2.76 (s, IH), 2.36- 
2.24 (in, 2H), 2.20-2,08 (m, 2H), 1.99 (dt, J -1.0, 6,9, IH) 1,69 (d, /= 1,3, 3H), 1.62- 
1.52 (m, 4H), 0.94 (d, J~ 7.0, 3H), 0.91 (d, J" 6,6, 3.H), 0,86 (d, /« 6.9, 3H); W C-NMR 
{125ffl?,CDGl33 d 172.97, 135,94, 133.83* 130,09, 127,75, 86.47, 78.70, 55.98, 33,99, 
32.80, 30.38, 29,82,27,34, 22.57, 23U38, 19.09, 18.05, 15,20; MS (ESI) 324 EM+Na 4 ]; 

1 5 HRMS (FAB) calcd, for C19H3204T\% [M-f-'Ma-] 347.219% found 347.21 87, 



Example It In Vitro Assay Procedures 

20 The efficacy of the compounds of the invention for .inhibiting ceil migration was 

initially assessed using two procedures, a wound healing assay and a chamber cell 
migration assay. 

Wound-Healing Assay. 4X1 mouse breast tumor cells in .RPMI-1640 medium containing 
25 1 0% fetal bovine seram (FB S) were seeded into wells of 24-mnMweli plates (Becton- 
Dickrasqh}, After cells grew to eonfluenee, wounds were made with sterile pipette tips. 
Cells were washed with Phosphate Buffered Saline (FBS) and refreshed with growth 
medium containing different concentrates of diemieal compounds. After overnight 
incubation at 3?°C, cells were fixed mid photographed, 

30 
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Chamber Cell Migration Assay, Cell migMioas Mm assayed with, Boyden cham bers 
[§>Q urn pore size, polyethylene. t«^^^»wM&iw.lALCON cen .culture insert 
fBectoii-DickinsoB)]. Cells im»^0^^^-mms^ 300 pi of 5-10 1 JO 4 cells in 
senmvfree medium was added to meupper chainier and 500 pi of medium with 10% 
S fetal bovine serum (EBS) was added to die lower dlismber. Xranswells were Incubated for 
6-8 hours at 3?°C with dif fereiit concentrations of chemical compounds in both upper and 
lower chambers. Cells on die Inside of the twswsjl inserts were removed with a cotton 
s wab, and colls on the utwlefside of the insert were fixed and s tained. Photographs of 
three random regions were taken and die mmiberof cells was counted to calculate the 
1 0 average number of cells that had transmigrate 

Cell Proliferation Assay, 4x 10* 4T1 mouse breast tumor cells in RPM1-1640 medium 
containing 10% PBS were seeded into wells of 96-mulfiwell plates (Beeton-DicMnson) in 
the preseticcor absence of chemical compounds and then incubated at $TC for 48 hours. 
15 MTTfcit (Cell Proliferation Kit 1, Roche) (a eolorimetric assay) was used to quantify cell 
proliferation and viability. The number of living cells, thus the total metabolic activity,; 
dhectly correlated to the amount of purple fomazan crystals formed (monitored by 
absorbance). 

20 

Example 3 : Compounds of the Invention are Potent Cell Migration Inhibitors 
This Example provides the results of cell migration assays performed as described 
above, illustrating that several of the compounds of the invention are more potent cell 
migration inhibitors than previously available compounds like migrastatin. 
25 The results of a Chamber Cell Migration Assay for several compounds are 

provided id Table i , 



Table I 



Compound 


ICjo (4T1 tumor cells) 


nugrastatffl (i) 


29 pM 


2,3-dihycho-nngrastatitt (2) 


10 pM 


23-ddiydio-iV-raelhyl-mig!:astatin (3| 


?uM j 
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Compouad 


ICss (4T1 tumor cells) 


migrastatin core (?) 


22 si 


2,3-dihydro-Migiastattii core (8) 


24 m 


macrolaet ant (13) 




maeraksione (14) 


IWMM 


(/O-isopi'opyl-nugrastatin {17} 


146 pM 


(^-SsoprGpyl-niigrastatiu (18) 


22? nM 


Macrocyciic CFj-alcobol (20) 


101 nM 


epoxyquinol A 


26 nM 


evodiainine 


315aM 



Average of jhrce experiments. Each experiment consists of nine data points 
(nine: differeiii concert! rati ems). 



Mshmn in Table I, some of the compounds of the invention are better cell migration 
5 jjlhibltOfTS than several currently available tumor ceil migration inhibitors,, including 
inigrasfetin and. evodiamine, 

Migrastatiii (1 } is a known inhibitor of cell migration. Nakae est ai., I. Antibt&t. 
2.010, S3, 1130; Nakae et ai, /.. Antibiol 2000, 53, 1228; Takemoto est ai., J, AntibioL 
2001, S4, 1104; Nakanmra et ah, I Amihiot 2002, 55, 442; Woo et ai, J. Antibiol 2002, 
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The effects on ceil migration exhibited by me compounds of the invention were 
compared with those of two recently discovered natural pochtcts with potent anti- 
angiogeme properties, epoxyqumol A sad esodiamme, Epaxyqumois A and B mi he 
isolated as described in Kakeya et &l, J. Am, Oftem- Sto> 2002, 124, 3496; Kakeya et al., 
5 J, Antibiot 2002, 55, 829. Epoxyqumols A and B can he synthesized as described hi 
Shoji et ah, dngew. Chan., Int Ed. 2002, 41, 3192; Chaornui et aL 
Org* LetL 2002, 4t 3267; Mehta, G.; Islam, K Tetrahedron Lett. 2003, 44, 3569. 
Evodtamine is a potent anti-invasive and anti-metastatic agent, Ogasawara ei aL, Bid. 
Pharm. Bull 2001, 24, 720; Ogasawaraet d. y MMMmrm. Bull. 2001, 24, 917; 
10 Ogasawara etal, Biol Pharm. 5«//.2O02, 25, 149J . Evodiamhis is commercially 

available from Wako Pharmaceuticals. The structures ofepoxyquinol A and evodiamine 
are provided heiow, 




epoxyq umol A evodiamine, 
15 The chamber ceil migration assay described above was also conducted with 

HUVECs- (human umbilical vein endothelial cells) and used for the evaluation of several 
of the most potent compounds, together with migrastatm as a reference. The IC& values 
obtained from this study -are listed in Table 2. 

Table 2, Chamber Cell Migration Assay with Human Endothelial Cells (HUVBCs) 



compound 


ICso (BUVEC) 1 


migrastatin (1) 


05 JAM 


migrastatin core (7) 


ISOnM 


2,3"dihydrO-migj:astatin core p) 


mm 


maerolaetam (13) 
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maeroketoae (14 ) 12 pM 

1 Average of ffirefeexparjimsnts, Bs<* sscpsriraenf consists of nine data 
points (nine different eorsceateatiorfs).. 

These results indicate that the compouttds of tie invention can inhibit cell 
5 migration in vitm at very tew coHcentraipiis. 

B3tamnle4; Compounds of the Invention Inhibit Tumor Metastasis In Vivo 

This Example illustrates that the compounds of the invention inhibit metastasis of 
10 breast tumors in mice, 

Materials and Methods: 

4T1 moase breast tumor cells were employed for in viva testing of the compotsnds 
of the myeiiion. The 4TI mouse breast tumor ceil line was isolated from a single 

I 5 spontaneously arising mammary rumor from a BALB/B:fC3H mouse (MMTV4). See, 
Miller, F.R., iMtez, B.E., and Heppner, G.HL 1983. Charaeterkation of metastatic 
heterogeneity among subpopulations of a single mouse mammary tumor; heterogeneity in 
phenotypis stability. Invasion Metastasis 33: 22-31, The4Tl tumor closely mimies 
Imuran breast cancer in its anatomical site, immnnogeseoity, growth characteristics, and 

20 metastatic properties. Maski, B.A., and Osuand-Rosenberg, S. 1998. Redaction of 
established spontaneous mammary carcinoma metastases following hmnunofherapy with 
major Mstocompatibility complex class IT and B7.1 cell-based tumor vaccines. Cancer 
res 58: 1486-1493, From the mammary gland, 4T1 tumor spontaneously metastasizes to 
a variety of target organs inducing the lung, bone, brans, and liver through primarily a 

25 hematogenous rout. Aslakson, CJ,, andMffler, M, 1992. Selective events in the 

metas ta tic process defined by an alysis of the sequential dissemination of subpopulations 
of a mouse mammary rumor. Cancer Research 52; 1399-1405. 

To assess the efficacy of mempeutiG appheation of me compounds of the 
invention in the 4T1 murine mammary eamnoma models, maerokefone (14) and 

30 macrolaGtarn (13) were administered to BALB/c mieeearfying the 4T1 tumors. 
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Female BALB/c mice (^#>V^:0^'^^ : pBPC^ed from, the Jackson 
Laboratory (Bar Harbor, Maine). ^^taised at fee Weill Medical College of 

Cornell IMvetsity Animal Facilities m seeord&aes with the Principles of Animal Care, 
4TI tumor cells (i x 10 s ) mm k^Qf^mB&^mm^mtQ fhe abdominal mammary 
5 gland area of mice using 0,1 nil of a singe-c^l suspension in phosphate buffered saline 
(PBS) on Day 0, The- dosage of tumor implantation was empirically determined to give 
rise to tumor of about 10 mm in diameter ittiWBceated wild type mice within 21-23 days. 
On Day 7, when the tumors averaged about 4-5 mm in diameter, test compounds or 
control PBS saline were given every day by intraperitoneal injection at 10 mg/kgor 20 

10 nig/kg per mouse until Day 25. On Day 28, the mice were sacrificed. This dosage 

regiment employed of the compounds was well tolerated with no signs of overt tox icity, 
Every group included five mice. 

Primary tumors were measured using; electronic calipers on the day when the mice 
were sacrificed. Tumor size was the squ are root of the product of two peipendieular 

15 diameters, Numbers of metastatic 4T1 eells in lung were determined by the clonQgeOie 
assay as described in Pulaski, B.A n and Osvrand-Rosenberg, S. 1998. Reduction of 
established spontaneous mammary carcinoma metastases following immunotherapy with 
major Iristo compatibility complex class 11 m& B7.1 cell-based tumor vaccines. Cancer 
res 58: 1486-1493, In brief, lungs were removed from each mouse on Day 28, finely 

20 minced and digested in 5 ml of enzyme cocktail containing ixPBS and 1 mg/mi 

eollagenase type IV for 2 hours at 37°C on a platform rocker, After incubation, samples 
were filtered through 70 uM nylon cell strainers and washed twice with PBS. Resulting 
cells were suspended and plated serially diluted in 10 cm tissue culture dishes hi medium 
RPMI1640 containing 60 uM thioguanine for clonogenic growth. 6-Thioguamne~ 

25 resistant tumor cells formed foci after 14 days, at which time they were fixed with 
methanol and stained with 0,03% methylene blue for counting, 

The results are provided in FIG. 1 , Tfie compounds had only a small, rather 
insignificant effect on mrnor size. However, as illustrated in FIG. 1, both the 
rnaeroketone (14) and the macrolactam (13) substantialfy reduced the number of 

30 metastatic tumors. In particular, m the eonftol group (daily PBS injection), there were 
6.1300 ± 1 S900 colonics, hi the group treated vsdm 10 mgacgof raacroketone, there were 

< 
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3875 tfc 2525 colonies (-94% lnhibittos: of Itmg raetastasis). In the group treated with 20 
mg/kg of mcmkeione, there were 6S0 * 575 colonies (-99% iahibttfon of lung 
metastasis). la the group treated with lOittg&g of maerolaeftasn, there were 5:333 ± 1778 
colonies (-91% inhibition ofivmg B^astasis), 3k^..0mp treated with 20 mg/kg of 
5 niaerolaclam, there were 5675 ± 6263 colonies £-#1% inliibition of Jung metastasis). 
These results datnonstiate that the ootnpounds of the invention are highly 
effective kiMbitors of metastasis* 
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